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TITLE PAGE: 

1 . In page 2 of the Title Page, under "Other Publications" section, change 
"Kamowski, Thomas P." to — Karnowski, Thomas P.— This appears correctly in the Information 
Disclosure Citation as filed by Fenwick & West, LLP on March 13, 2001. 
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2. Column 8, line 3, change "than improves" to —then improves—. This appears 
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3. Column 8, line 40, add —classifier 1004, including a natural grouping process 
1054, an automatic supervised— after "of 9 . This appears correctly in the patent application as 
filed on November 28, 2000, on page 13, lines 8-9. 
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In another embodiment, the inspection and analysis/classification process is 
performed in real-time during the inspection process instead of as a separate process. 
(An example of this is shown in the system of Fig. 10(c)). In such a system, inspection 
system 1052 is shown inside the system 1004 to indicate that it is part of the same 
system as the classifier 1056. 

Fig. 2 is a block diagram showing the interaction of a human user with an 
embodiment of defect classifier software. A working set 208 of images, such a wafer 
defect images, is displayed for user review (as discussed below in connection with Fig. 
3). A human user 210 can review the defect images in the working set. 

The human user can also request that the images be organized by natural 
grouping 212 and displayed according to this organization. The human can manually 
classify the defect images into classes (also called "bins") according to the human's 
understanding of the type of defect represented by the image. Currently, the extracted 
features of the defect images are used to naturally group the defect images, using a 
Kohonen mapping technique. Kohonen mapping is described, for example in T. 
Kohonen, "The Self-Organizing Map," Proceedings of the IEEE, Vol. 78, 1990, pp. 
1464-1480, which is herein incorporated by reference. Other methods can be used for 
natural grouping, such as a K-means; the method described in N. Otsu, "A Threshold 
S^lectronMethod from Gray-Level Histograms," IEEE Trans. Systems, Man, and 
Cybernetics, Vol. SMC-9, 1979, pp.62-66 (which is herein incorporated by reference); 
or any other appropriate technique or method that groups defect images according to 
common features. In a described embodiment, both the natural grouping 212 and the 
automatic classifier 204 use the same feature set. 

In addition, the human user can select images from the working set to be placed 
in a "training set" of images. The user then manually adds images/defects to the 
class/bins of the training set. Features are extracted from the selected images and stored 
along with the class/bin during a "train classifier" operation. The classifier then 
classifies a set of images (such as the set W-T) and the user reviews the errors found in 
the classifier's decisions. For example, the user may view the confusion matrix to 
determine where the classifier differed form the user's classifications. The user then 
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group code (reflecting its natural group) and a number of defect images currently 
assigned to the class/group. The user can, of course, add and delete classes/bins as he 
wishes (e.g., via the toolbar). 

If the user wants to add a new class/bin, the class/bin is added. Other wise, an 
existing class/bin is opened. The user then manually adds images/defects to the class. 
Features are extracted from the selected images and stored during a "train classifier" 
operation (e.g., via the toolbar). The classifier then classifies a set of images (such as 
the set W-T) and the user reviews the errors found in the classifier's decisions. For 
example, the user may view the confusion matrix to detennin^where the classifier 
differed form the user's classifications. The use^enj^ training set by 

adding deleting, or reclassifying images via, e.g., a drag and drop interface and 
reassesses the classifier's performance until a satisfactory result is achieved. 

Fig. 8 shows an example user interface that includes a "Smart Gallery" setup 
function 802, an Auto Classifier Creation function 804, and a Classifier function 806. 
The Smart Gallery setup function leads to the user interface of Fig. 3. The classifier 
function leads to the user interface of Fig. 9. "Smart Gallery is a trademark of KLA- 
Tencor Corporation. 

Fig. 9 shows an additional user interface for an embodiment of the Automatic 
Classifier Function. This embodiment is an alternative to the toolbar-driven, drag and 
drop method. Using this interface, a user can add defect images to the training set 902 
and specify the features to extract for natural grouping and for the feature extractor of 
the classifier 904. The user can specify the number of features to extract (here, 80). 
When the user selects a Train button 906, the features of the images in the training set 
are extracted and saved as feature vectors for each image. The class/bin of each image is 
saved in association with the feature vector. 

The user can set filters 908 on the images, removing certain groups, images, and 
types of images from the features extraction process. The user can also adjust the 
confidence of the feature method methods used by the classifier 204 using button 910. 
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When the user clicks Test (Training set) button 912, the classifier 204 classifies 
the set of images W-T into the bins in the training set in accordance with the feature 
vectors of the images in the training set. 

Figs. 10(a) and 10(b) are block diagrams of systems in accordance with the 
present invention distributed over a network, such as the internet or an intranet. In Fig. 
10(a), an optical, ebeam, or other types of inspection systems 1002, a classifier 
1004/104, and an analyses system 1006 (see Fig. 1) are distributed over the network. In 
Fig. 10(b), elements ofjclassifier 1004, including a natural grouping process 1054, an 
automatic supervised classifiei^l 056/204, and a feature extractor 1058, are distributed 
over the network. Natural grouping process 1054 receives as inputs the features of the 
working set and outputs the natural ^mying^of the working set. Automatic supervised, 
classifier 1056 receives the features and classes of the training set and the feature^of the 
defect images, while outputting the classes of the defect images being classified. 
Feature extractor 1058 receives images and outputs features of the images. 

Fig. 10(b) also shows an embodiment in which the classifier receives tool history 
1005 as an input. Tool history includes, for example, the maintenance history of the 
tools or machine performing the inspection process and/or the manufacturing process. If 
the tool has been maintained according to its suggested maintenance schedule, its data 
may be weighted more than data from an unmaintained tool. Tool History 1055 may 
also include a threshold of inspection value, indicating that maintenance must be found 
in order for the classifier to give credence to the data from that tool. This threshold may 
vary for individual tools or may be the same for all the tools of a particular type or 
function. Tool history may also indicate, for example, whether two runs of 
semiconductors where taken from the same tool (or which tool they were taken from). 
Thus, tool history 1055 may include, for example, equipment Ids. If it is known, for 
example, that Tool A has had problems in the past, data from tool A may be treated 
differently than data from a trouble-free tool B. 

As described above, Fig. 10(c) shows that the inspection and 
analysis/classification process is performed in real-time during the inspection process 
instead of as a separate process. In such a system, inspection system 1052 is shown 
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